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(g> Apparatus for contacting a liquid with a gas. 

@ Apparatus for contacting a liquid with a gas, comprising a 
normally vertically extending column (1) having a plurality of 
substantially horizontal trays (2) arranged in the column (1) 
one above the other, each of the trays (2) being provided with 
apertures (3) for the passage of the gas and with at least one 
discharge device (4) for the liquid, the discharge device (4) be- 
ing open at their upper ends, extending partly below the rele- 


vant trays (2) and being provided with bottoms (5) having liquid 
discharge openings (6), wherein a perforated structure (8) is 
arranged between each discharge device (4) of a tray (2) and a 
next lower tray (2), for distributing the liquid from the liquid dis- 
charge openings (6) of the discharge devices (4) over the next 
lower trays (2). 
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APPARATUS FOR CONTACTING A LIQUID WITH A GAS 

The invention relates to an apparatus for contacting a liquid 
with a gas ccttprising a column having its interior provided with 
perforated trays for effecting intimate contact between the liquid 
and the gas flowing counter-currently through said column. 

More in particular, the present invention relates to an 
apparatus for contacting a liquid with a gas f ccrrprising a normally 
vertically extending column having a plurality of substantially 
horizontal trays arranged one above the other in said column each 
of the trays being provided with apertures for the passage of the 
gas and with at least one discharge device for the liquid, the 
discharge devices being open at their upper ends and extending at 
least partly below the relevant trays, the parts of the discharge 
devices extending below the relevant trays being provided with 
liquid discharge openings. 

The term "gas" as used throughout this specification and the 
claims is to be understood to include vapour. 

Apparatuses of the above-mentioned type may be suitably 
applied for processes like distillation, absorption and stripping. 
Exairples of trays which may be applied in such an apparatus are 
grid trays which are formed of parallel bars that may be straight 
or curved and that are spaced apart to leave slots between them, 
sieve plate trays which are formed of plates that are punched or 
otherwise fabricated to have circular or other openings in than, 
and valve trays which are sieve trays provided with valves being 
displaceably arranged in the openings of the trays. 

The trays in apparatuses of the above-mentioned type may be 
provided with a plurality of discharge devices having any suitable 
shape. The longitudinal cross-section of the discharge devices is 
preferably cblong, since such a shape renders it possible to 
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arrange the liquid discharge devices in an optimal manner over a 
tray to attain during operation a uniform distribution of liquid 
over a tray and a uniform supply of the liquid to the next lower 
tray. Especially when such apparatuses are intended for high liquid 
loads, the liquid discharge devices normally occupy a considerable 
part of the tray area. The liquid discharge openings in the dis- 
charge devices may be arranged in the bottom parts or in the side 
walls of said devices. When the trays are provided with a plurality 
of relatively closely packed discharge devices, required for high 
liquid loads, it is advantageous to arrange the liquid discharge 
openings in the bottoms of the discharge devices or to provide the 
discharge devices with open lcwer ends. In this manner interference 
of liquid streams frcm liquid discharge openings of adjacent dis- 
charge devices can be obviated even at high liquid loads. 

If the liquid discharge openings are arranged in the bottoms 
of the discharge devices another problem may however arise espe- 
cially when operating at high liquid loads. The liquid leaving the 
discharge devices through the openings in the bottoms of the dis- 
charge devices may fall with such a velocity onto a next lower tray 
that the liquid passes directly through the tray openings below the 
discharge devices when sieve plate trays, are applied. If valve 
trays are applied, the outflowing liquid may push the valves 
directly be lew the discharge devices downwards, thereby closing the 
openings in the relevant tray. The consequence of the above be- 
haviour of the liquid is that the active tray area, i.e. the tray 
area not occupied by discharge devices can not be fully used for 
the passage of gas. This means that the gas is not uniformly 
distributed over the whole available active tray area, as a con- 
sequence whereof the space above a tray is not optimally used for 
the contact between gas and liquid. 

The abject of the present invention is to provide an apparatus 
for contacting a liquid with a gas, which apparatus is provided 
with trays having active tray areas which can be optimally used 
for gas/ liquid contact, even when the apparatus is operated at 
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high liquid loads. 

The apparatus for contacting a liquid with a gas thereto com- 
prises according to the invention a normally vertically extending 
column having a plurality of substantially horizontal trays ar- 
ranged one above the other in the column, each of said trays being 
provided with apertures for the passage of the gas and with at 
least one discharge device for the liquid, the discharge devices 
being open at their upper ends, extending at least partly below the 
relevant trays and being provided with bottoms having liquid 
discharge openings, wherein a perforated structure is arranged 
between each discharge device of a tray and a next lcwer tray, for 
distributing the liquid frcm a liquid discharge opening of said 
discharge device over the next lcwer tray. 

In a suitable arbodirrent of the invention the perforated 
structures are fonred of expanded metal, i.e. sheets of metal cut 
and stretched into lattices. The expanded metal has tangential 
diamond-shaped openings, arranged in zigzag order. Both the area of 
the openings, based on the surface area of the sheet metal, and the 
position of the openings, can be varied in a wide range. An advan- 
tage of using expanded metal is that it can be easily bent to the 
desired shape. 

By arranging a perforated structure between a liquid discharge 
device of a tray and the next lcwer tray, the liquid stream frcm a 
liquid discharge opening in the bottom of said discharge device is 
broken up and at least partly deflected. The deflection of the 
liquid stream promotes a uniform distribution of liquid on a tray. 
By breaking the liquid stream the flow velocity of the liquid and 
thereby the resulting inpact of the liquid on a tray is consider- 
ably reduced. As a consequence thereof the upward flew of gas 
through the apertures in a tray , is less hampered by liquid ccming 
f rem a discharge device of a next upper tray ccccpared with the 
hindrance of the passage of gas by the downf lowing liquid in the 
absence of a perforated structure arranged between a discharge 
device of a tray and a next lower tray. 
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The invention will now be described by way of example only in 
more detail with reference to the accompanying drawings, in which 

Figure 1 is a vertical sectional view of an intermediate part 
of a gas/ liquid contacting column according to the invention; 

Figure 2 is a transverse section taken at the line II-II in 
Figure 1; and 

Figure 3 is an enlarged view of detail III in Figure 1. 

In Figure 1 there is shown an intermediate part of a sub- 
stantially vertically arranged column 1 of substantially circular 
cross-section (as shown in Figure 2) , which column is provided at 
its top and bottom with inlets and outlets for liquid and gas, as 
appropriate (not shown) and, if desired with a liquid distributor, 
a condenser, a reboiler (also not shown) and/or other associated 
devices in known manner, for causing gas to ascend and liquid to 
descend through the column* 

The interior of the column 1 is provided with a plurality of 
substantially horizontal contacting trays 2 (only three of which 
are shown in Figure 1) arranged one above the other at suitable 
intervals, e.g. 150 to 750 mm, and extending over substantially the 
whole cross-section of the column. Each of the trays 2 is provided 
with a plurality of apertures 3 forming gas flow passages. These 
apertures 3 are substantially uniformly distributed over the trays 
and have circular cross-sections in the example shown in the 
drawings. The apertures 3 are further of substantially uniform 
size throughout and are spaced apart from each other to provide an 
aggregate area, that is the free area of the trays, appropriate to 
the loading conditions at which the column is to be operated. The 
portions of the trays 2 with the apertures 3 for the passage 
of gas constitute the active areas of the trays 2, i.e. above these 
areas liquid and gas introduced into the column are intensively 
mixed with each other for the exchange of matter and/or heat 
between said two phases. 
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Adjoining the active tray areas there is on each tray 2 a 
plurality of oblong discharge devices 4 for liquid, hereinafter 
called downcomer ducts, which pass through the tray to a prede- 
termined height above the upper surface of said tray and a pre- 
determined distance below the lcwer surface of said tray. The dcwn- 
corer ducts 4 are open at their upper ends, while their lower ends 
are formed by bottoms 5 provided with a plurality of liquid dis- 
charge openings 6 . The downccrrer ducts 4 are further provided with 
inclined side walls 7 , each pair of side walls 7 being arranged so 
that the downccrrer ducts have a configuration resembling a frustum 
in cross-section. The liquid discharge openings 6 are distributed 
over the bottoms 5 of the downccner ducts 4 so as to discharge 
liquid substantially uniformly over the length of the dcwncomer 
ducts. The aggregate area of the liquid discharge openings 6 in 
each downccmer duct 4 should be sufficient for discharging all of 
the liquid flowing downwards through the column interior at the 
intended liquid loading and should be restricted with respect to 
the horizontal cross-sectional areas of the lower parts of the 
downcctrer ducts so as to maintain in said dcwnccrrer ducts a column 
of liquid which exerts at the liquid discharge openings 6 a hydro- 
static head sufficient to prevent ascending gas from entering these 
downccmer ducts 4. 

The interior of the column partly shewn in Figure 1 , is further 
provided with a plurality of perforated structures 8, for dis- 
tributing liquid frcm the dewnccmer ducts 4 over the active tray 
areas of the next lower trays. The perforated structures 8, mounted 
on top of the trays, each extend over substantially the full length 
of a downcoTer duct, as is shewn in Figure 2. The perforated struc- 
tures 8 are fonred of sheet metal cut and stretched into lattices, 
also called expanded metal. The expanded metal has tangential 
diairond-shaped openings 9 for the passage of liquid and gas, the 
area of said openings 9 being adjusted to the required liquid and 
gas loads in the column. 
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Due to the method of producing expanded iretal, a sheet of 
expanded iretal is provided with a more open side and a more closed 
side. The magnitude of the difference between the more open side 
and the more closed side of a sheet of expanded metal is determined 
by the size and the nurrber of the openings in the sheet. An in- 
crease in the nurrber of openings and/ or a decrease of the size 
thereof causes a more pronounced difference between the irore open 
side and the more closed side of a sheet of expanded metal. 

The perforated structures 8 each have two side walls 10 and 
two top walls 11, the top walls being inclined with respect to the 
horizontal. The top walls 11, formed of expanded iretal, are further 
so arranged that the more closed sides form the upper sides of the 
top walls and the more open sides form the lower sides of the top 
walls. The top of the perforated structure 8 is preferably arranged 
directly below the centre of the downccrrer duct arranged above said 
structure 8. The inclination of the top walls 11 is determined with 
the aid of the knowledge of the amounts of liquid and gas which 
should be passed through the openings in said top walls 11. 

With a given configuration of the expanded iretal, or in other 
words a given difference between the irore open and the more closed 
side of the expanded metal, forming the top walls 11, a decrease of 
the inclination of the top walls 11 with respect to the horizontal 
causes during operation of the column an increase of liquid frcm 
the above arranged dcwnccxrer duct passing through the openings in 
the top walls 11. The perforated structures 8 may be formed of a 
single sheet of expanded iretal bent into the desired configuration, 
or may be composed of a plurality of sheets secured to each other. 
The attachment of the perforated structures 8 onto the trays 2 may 
be accarplished by welding or bolting. 

In operation, liquid frcm the liquid discharge openings 6 of a 
dcwnccmer duct 4 is prevented frcm passing directly through the 
apertures 3 of a tray belcw said downccrrer duct 4, by the upward 
flow of gas in ccirbinatian with the presence of a perforated 
structure 8 between said dcwncccrer duct 4 and said tray 2. When 



0092262 

- 7 - 

the gas load is decreased below a certain value, the gas pressure 
drop over the tray beccmes insufficient to prevent liquid frcm 
passing directly down through the apertures in the relevant tray. 
This means that if a perforated structure would not be provided 
between a dcwnccrrer duct and a next lower tray, most of the liquid 
frcm a downcarrer duct would pass through the tray-apertures direct- 
ly below the downccrrer duct, without being intensively mixed with 
gas. The presence of the perforated structures 8 causes liquid 
streams frcm the downccrrer ducts 4 to be broken up so that the 
liquid flows partly through the openings in the perforated struc- 
tures 8, and partly along the perforated structures 8 outwardly 
away frcm the downccner ducts 4. Further, the flow velocity of the 
liquid streams is considerably reduced when iirpinging on the per- 
forated structures 8. As a consequence thereof, the inpact of the 
liquid on the trays is reduced so that the risk of liquid passing 
through the apertures of the trays 2 is considerably diminished, 
ccrrpared with the situation in which no perforated structures are 
arranged in the column. The size and total area of the perforations 
in the perforated structures and/or inclination of the top walls of 
these structures are suitably so chosen that liquid fran a down- 
cctner duct is adequately distributed over the space outside the 
relevant perforated structure and the space enclosed by the per- 
forated structure and the accorpanying tray. In this manner the 
apertures in the trays can be made equally loaded and equally 
available for the gas passing through said apertures in upward 
direction. 

By the arrangement of the perforated structures liquid frcm 
the downcarer ducts of a tray is intensively mixed with gas on a 
next lower tray over the whole available area of the active part of 
said next lower tray. Above each tray an intense foam of liquid and 
gas is fonred, enabling the exchange of matter and/or heat between 
the liquid phase and the gas phase, wherein the actual result of 
the liquid/gas contact depends upon the characteristics of the gas 
and the liquid. The liquid subsequently enters the downccmer ducts 
of a tray partly by overflew frcm the relevant tray and partly by 
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falling directly into them f ran the foam in the space above said 
tray. The downccmer ducts should be so designed that a column of ^ 
liquid is formed in each dcwncccner duct which column provides a 
hydrostatic head such that the ascending gas is prevented form 
entering the downcctner duct through its liquid discharge openings. 

It should be noted that the invention is not restricted to the 
shape of dcwncccner ducts and liquid discharge openings as shown in 
the Figures. Instead of the shewn configurations, the downccner 
ducts may for exairple have a circular or annular cross-section. The 
liquid discharge openings may be for exairple formed by slits 
extending over substantially the full length of the dcwncarer 
ducts. 

Further, the invention is not restricted to a particular shape 
of the perforated structures. Although the application of a bent 
top part as shewn in Figure 1 is preferred, it is also possible to 
apply perforated structures having a flat horizontal top wall. In 
the example shown in the drawings, the perforated structures are 
secured to the trays on top thereof. It is also possible to attach 
the perforated structures to the dewnccmer ducts. It should be 
noted that the top walls of the perforated structures so attached 
should be arranged at seme distance below the bottoms of the 
dewnconer ducts, in order to avoid hindrance of liquid outflow by 
the presence of said structures. Further the inclined flat top 
walls 11 as shewn in Figure 3 may be replaced by a single curved 
top wall for each dewncomer duct. 

Although a column provided with sieve trays has been described 
in the above, perforated structures may also advantageously be 
applied in columns provided with other types of trays, such as 
valve trays and grid trays. The presence of perforated structures 
between dcwncccner ducts and valve trays prevents the valves direct- 
ly below the dewnccmer ducts from being pushed downwards on the 
trays thereby closing the accompanying openings in the trays for 
the passage of gas. 
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Finally it is remarked that the present invention is not 
restricted to the application of expanded metal for forming the 
perforated structures. Instead thereof the perforated structures 
may be for exanple formed by ribs mounted at an angle onto an open 
framework. It is also possible to apply perforated plates for 
forming the perforated structures. In this case the top wall of the 
structure so formed should preferably be bent or curved to obtain a 
proper deflection of the liquid streams leaving the dcwnccmer 
ducts. 



0092262 

- 10 - 

CLAIMS 

1. Apparatus for contacting a liquid with a gas, comprising a 
normally vertically extending column having a plurality of sub- 
stantially horizontal trays arranged one above the other in the 
column, each of the trays being provided with apertures for the 

5 passage of the gas and with at least one discharge device for the 
liquid, the discharge devices being open at their upper ends, 
extending at least partly below the relevant trays and being pro- 
vided with bottoms having liquid discharge openings, wherein a 
perforated structure is arranged between each discharge device of a 

10 tray and a next lcwer tray, for distributing the liquid frco a 
liquid discharge opening of said discharge device over the next 
lower tray. 

2. Apparatus as claimed in claim 1, wherein the perforated struc- 
tures are formed of expanded metal sheets. 

15 3. Apparatus as claimed in claim 1 or 2, wherein the perforated 
structures are each mounted on top of a tray. 

4. Apparatus as claimed in claim 1 or 2, wherein the perforated 
structures are each secured to a discharge device so that their 
lower ends are spaced apart from the bottoms of said discharge 

20 devices. 

5. Apparatus as claimed in any one of the claims 1-4, wherein the 
parts of the perforated structures facing the discharge devices are 
curved or bent. 

6. Apparatus as claimed in claim 5, wherein the top of said 

25 curved or bent part of each perforated structure is substantially 
aligned with the adjoining discharge device, 

7. Apparatus as claimed in any one of the claims 2-6, wherein the 
expanded metal sheets which form the perforated structures are so 
arranged that their more closed sides face upwards and their more 

30 open sides face dcwnwards. 
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8. Apparatus as claimed in any one of the claims 1-7, wherein the 
perforated structures are arranged between the discharge devices 
and sieve trays. 

9. Apparatus as claimed in any one of the claims 1-7 , wherein the 
5 perforated structures are arranged between the discharge devices 

and valve trays. 
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